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[Claim 4] 

A voltage controlled oscillator including a f irst varactor 
element that comprises a negative resistance circuit and a part 
of a resonance circuit for changing an oscillation frequency 
obtained at an oscillation output terminals by changing a 
frequency controlled voltage that is applied to a control 
terminal of the first varactor element, the voltage controlled 
oscillator further comprising 

at least one fourth varactor element that is connected 
inparallel to the first varactor element anda level shift circuit 
for generating a plurality of voltages of different values upon 
inputting the frequency controlled voltage, wherein the 
different voltages obtained in the level shift circuit are 
respectively impressed to control terminals of the first and 
fourth varactor elements. 
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[0007] 

[Problems to be Solved by the Invention] 

While the transfer characteristics of the oscillation 
frequency and the control voltage of the voltage controlled 
oscillator depend almost entirely on the characteristics of the 
varactor elements when of resonance type, it is difficult to 
obtain linear changes over a broad range . In single chip voltage 
controlled oscillators using CMOS processes, which have become 
popular in these years , it is impossible to use varactor elements 
obtained through special processes such as super abrupt junction 
or the like as those used as varactor elements in conventional 
voltage controlled oscillators employing modules, and it is 
particularly difficult to obtain favorable variable capacity 
characteristics . 
[0008] 

Fig. 17 is a characteristic view of the oscillation 
frequency with respect to the control voltage Vc in the voltage 
controlled oscillator of conventional type employing CMOS 
processes as illustrated in Fig. 16. Fig. 18 is a characteristic 
view of gate capacity with respect to the control voltage Vc 

(gate voltage) of a MOS transistor. 

[0009] 

In the voltage controlled oscillator of Fig . 16 , the gate 
capacity of MOS transistors 303 , 304 is employed as the capacity 
of the varactor elements; however, since this gate capacity 
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abruptly changes in proximity of a threshold voltage as 
illustrated in Fig. 18, it is impossible to obtain linearity 
over a broad range. As already mentioned, since the transient 
response characteristics and noise band characteristics of the 
PLL are determined by the conversion gain of the voltage 
controlled oscillator, a poor linearity of the conversion gain 
of the voltage controlled oscillator is not favorable since it 
will result in large changes in characteristics depending on 
the oscillation frequency. 
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[0027] 

[Embodiment 3] 

Fig. 6 illustrates a form for embodying the voltage 
controlled oscillator according to Claim 4 of the present 
invention. Here, four varactor elements are provided for 
oscillation frequency control as indicated by the reference 
numerals 4A, 4B, 4C and 4D, and control voltage is impressed 
to the varactor elements 4A, 4B, 4C and 4D from a level shift 
circuit 16. The level shift circuit 16 is arranged in that 
voltages shifted by Vd are generated from the four output 
terminals, that is, Vc , Vc-Vd, Vc-2Vd and Vc-3Vd, provided that 
the control voltage input from a frequency control terminal 8 
is Vc . 
[0028] 

While the characteristics of gate voltage vs. gate 
capacity of the 8 transistors employed as the four varactor 
elements 4A, 4B, 4C and 4D are all characteristics abruptly 
changing when proximate to the threshold, by shifting the control 
voltages Vc each by voltage Vd through the level shift circuit 
16 and impressing the same to the respective varactor elements 
4A, 4B, 4C and 4D, the characteristics of the gate capacity of 
the respective transistors with respect to these control voltages 
will be characteristics respectively offset by Vd in the voltage 
direction as illustrated in Fig. 7. In Fig. 7, 51A, 51B, 51C 
and 51D respectively illustrate characteristic views of the gate 
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capacity with respect to gate voltage of the transistors of the 

varactor elements 4A, 4B, 4C and 4D, respectively. 

[0029] 

Since the capacity of the resonance circuit will be equal 
to a sum of capacities of the four varactor elements 4A, 4B, 
4C and 4D, the total capacity will be of characteristics as 
illustratedby the solid line 52 in Fig. 8 , and it can be understood 
that the control width of the control voltage is wider than that 
of the changing width of the capacity and that the linear area 
has become broader when compared to the conventional capacity 
characteristics 53 as illustrated by the broken line (same as 
Fig. 18) . Since changes in oscillation frequency will follow 
changes in variable capacity, the linear area of the oscillation 
frequency with respect to control voltage will accordingly become 
broader as illustrated in Fig. 9. In Fig. 9, the solid line 
54 illustrates that of the present embodiment while the broken 
line 55 illustrates a conventional case (same as Fig. 17) . 
[0030] 

While the present embodiment is comprised of four varactor 
elements, it is possible to further broaden the linear area by 
further increasing the number thereof. 

[0031] 

Fig. 10 illustrates an example for arranging the level 
shift circuit 16. 17 to 19 denote NMOS transistors serially 
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connected to a power source, 20 a power source , 21 an input terminal 
that is connected to the frequency control terminal 8, and 22 
to 25 output terminals that are to be connected to the f our varactor 
elements 4A, 4B, 4C and 4D. Since the current flowing through 
the drains/sources of the transistors 17 to 19 is constant, the 
gate/source voltage of the transistors will be constant (Vd) 
when the size of the respective transistors are the same, and 
it is accordingly possible to obtain voltages sequentially 
shifted by a constant voltage Vd with respect to the voltage 
Vc input to the input terminal 21 for the output terminals 22 
to 25. 
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Translation of the drawings 
<FIG. 6> 

(1) Frequency control terminal 

(2) Level shift circuit 

(3) Oscillation output 
<FIGS. 7 to 10> 

(1) Capacity value 

(2) Control voltage Vc 

(3) Oscillation frequency 
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